A 66-year-old man who had undergone aortic dissection repair a year earlier sought to assess the feasibility of returning to the high-intensity outdoor activities he had long enjoyed. In response to his inquiry, the cardiac rehabilitation staff at Baylor Hamilton Heart and Vascular Hospital designed a comprehensive testing plan that simulated the specific movements and anticipated cardiac requirements associated with his goal activities. The activities included 1) lifting and manipulating a 50-pound suitcase, 2) hiking to the top of Half Dome in California's Yosemite National Park, and 3) scuba diving. To illustrate our approach, we describe some of the tests that were performed and report the results. After analyzing the detailed physiological data collected during testing, we provided the patient with an exercise prescription and specific guidelines that he could use to gauge his level of physical exertion during his outdoor adventures. Within approximately 6 months of testing, he successfully performed the goal activities without adverse symptoms.
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A year after undergoing successful repair of an acute ascending aortic dissection, a 66-year-old man asked his physician about returning to the high-intensity outdoor activities he had long enjoyed prior to the surgery. Th e patient, who wanted information about the feasibility of his goals, sought out the testing laboratory within the Cardiac Rehabilitation Department at Baylor Hamilton Heart and Vascular Hospital.
CASE REPORT
Th e patient had a history of hypertension, but he never used tobacco, alcohol, or drugs and had no family history of aortic dissection. He presented to his physician at the age of 64 with a type A dissection (involving the innominate and left common carotid arteries) in the setting of ascending aortic aneurysm. Relevant medications upon arrival at our testing laboratory 2 years later included metoprolol, hydrochlorothiazide, aspirin, and lisinopril. His body mass index was 23.8 kg/m 2 , and his waist circumference was 35.5 inches. His preoperative ascending aorta measured 5.1 cm, and his postoperative aortic root diameter measured 3.9 cm (normal range, 2.5-4.0 cm).
Th e patient posed a unique testing challenge for the staff because he had three very diff erent activity goals: 1) lifting and manipulating a 50-pound suitcase, 2) hiking to the top of Half Dome in California's Yosemite National Park, and 3) scuba diving. Utilizing our facility's specialized equipment, we designed and implemented a comprehensive testing plan that would simulate the anticipated movements, force, and cardiac requirements associated with these activities, enabling us to collect detailed physiologic data. To illustrate our approach, we describe some of the tests that were performed and the associated results.
In keeping with the standard protocol of our cardiac rehabilitation facility, we used telemetry (TeleRehab VersaCare, ScottCare Corp, Cleveland, OH) to monitor the patient's electrocardiogram. His blood pressure was recorded at the beginning and end of each session (before warm-up walking and after cooldown walking) and at peak exertion during the individual tests. Testing was symptom limited, meaning that no specifi c blood pressure or heart rate limits were used to restrict the patient's exercise intensity. We monitored him for elevated rate-pressure product (systolic blood pressure × heart rate ≥ 36,000) ( 1 ), angina pectoris, dizziness, pain, arrhythmias, and shortness of breath.
Goal 1: Lifting and manipulating a 50-pound suitcase. To simulate lifting a suitcase and raising it overhead, the patient performed a deadlift and military press maneuver using a static force gauge that was attached to a multidimensional strength assessment system (IsoTrack Pro, JTECH Medical, Midvale, UT) that measures static lifting, pulling, and pushing strength. To simulate manipulation of the suitcase, the patient performed the upright row, the bicep curl, and the military press while wearing a noninvasive, continuous blood pressure Specificity of testing in a cardiac rehabilitation setting resulting in a patient's return to high-intensity outdoor activity following aortic dissection repair Goal 2: Hiking to the top of Half Dome ( Figure 1 ) . Th e hike is 15 miles round trip with an elevation gain of 4737 feet; the summit is 8842 feet above sea level. Th e fi nal 400 vertical feet to the summit is a 600-foot stretch of smooth granite that has a 45-degree incline and features waist-high cables that hikers pull to move vertically.
To confi rm the patient's physiologic response to simulated hiking, we had him complete a peak treadmill stress test while wearing a calibrated desktop metabolic system (Fitmate MED, Cosmed USA Inc., Chicago, IL) that directly measured his oxygen consumption. An additional metabolic stress test was needed to simulate the incline, duration, and diffi culty of the cable ascent to the summit of Half Dome. We used a stairclimbing machine (StairMaster StepMill SM916, Nautilus Inc., Vancouver, WA) that had a built-in 45-degree slope and placed it directly in front of resistance training equipment that had a cable pull-down station. Th is set-up enabled the patient to perform one-hand cable pulls while performing vertical stepping movements. To ensure that the test accurately covered the goal distance of 400 vertical feet, we measured the height of each step and calculated the step rate accordingly. Th e protocol involved 2-minute stages that increased incrementally. Th e initial setting was 24 steps per minute, and the patient ended the test at 71 steps per minute. He achieved 9 metabolic equivalents (METs, defi ned as the energy cost of exercise, where 1 MET = 3.4 mL O 2 per kg of body weight per minute).
Goal 3: Scuba diving ( Figure 2 ) . We designed a series of maneuvers to simulate a boat dive (i.e., walking to exit the boat, entering the water, diving, and climbing back into the boat). While wearing diving gear (a 35-pound tank and a 20-pound weight belt), the patient completed fi ve repetitions of the following sequence: walking 15 feet toward a swimming pool, stepping off to enter the water, swimming 164 feet, and climbing a ladder to exit the pool. We measured his blood pressure, heart rate, and breathing frequency immediately after each sequence. Because systolic and diastolic pressures return to normal approximately 10 seconds after the last repetition of a resistance training set ( 2 ), we placed the blood pressure cuff on the patient's arm immediately after he exited the pool.
Peak heart rate, systolic blood pressure, and rate-pressure product data obtained during tests corresponding to each of the patient's goals are shown in the Table . Th e peak breathing frequency during the Half Dome and scuba diving tests was 36 breaths per minute, and the peak rating of perceived exertion was 7 on a scale of 1 to 10, signifying "really hard" eff ort. During the 3 days of exercise testing, the patient had no adverse signs or symptoms that required him to discontinue any session.
DISCUSSION
Aortic dissection has been linked with severe physical exertion ( 3 ), and disproportionate mean arterial blood pressure responses (320/250 mm Hg) have been associated with heavy resistance training and the Valsalva maneuver ( 4 ) . Individuals who have survived aortic dissection often struggle with functional independence ( 5 ), and they may fear reaching the intensity that would be required for their return to strenuous activities. Th e reality, however, is that patients who are physically active before their cardiovascular event or surgery want to resume performing exercise at the intensity levels they are accustomed to.
Exercise guidelines for those who have had aortic dissection repair are vague and inconsistent ( 3 , 5 -8 ) . Th e patient in this case, for example, was given the following recommendations: aerobic exercise is permissible, but lifting anything over 30 pounds is not; systolic blood pressure should not exceed 160 mm Hg; and resistance training should be limited to low amounts of weight and high numbers of repetitions. Furthermore, he was advised to avoid straining by breath holding (the Valsalva maneuver), as during bowel movements. Th e drawback to any limited prescription for exercise after surgery is that it is based on little, if any, scientifi c data.
At our specifi city of testing laboratory, we develop physical performance tests that are designed to simulate the patient's activity goals. We then use the physiologic data collected during testing to create a biofeedback model through which we are able to provide specifi c exercise guidelines. In this case, we provided data about his breathing frequency, heart rate, and rating of perceived exertion that he could use to more accurately gauge the intensity level of physical exertion during his activities. Although our simulated testing approach provides no guarantee against future cardiovascular events, our goal was to provide this patient research-based objective exercise recommendations, which are clearly needed in this at-risk population.
Nevertheless, the fact that no cardiovascular event occurred during the simulated testing does not substantiate that the activities are safe. Simulated testing also has an inherent limitation that must be noted. Additional stressors (emotional, environmental, altitude, etc.) that cannot be eff ectively replicated in a laboratory may result in increased cardiac demand when patients perform the goal activities in their routine environmental setting.
Approximately 18 months after undergoing aortic dissection repair, the patient reached his goals without cardiovascular symptoms. He uneventfully carried his 50-pound suitcase on a trip to Cozumel, Mexico, where he performed 16 dives. A month later, he hiked to the top of Half Dome.
